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(54) Testing of electric cable 

(57) The covering (1) of an electric cable 
(3) is tested by raising the temperature 
of the conductive core (2) of the cable 
by means of an inductiorTcoil (4) orby 
pa ssing an electric current through the 
core, and detecting the infra-red 
radiation emerging from the covering 
(1) with sensors (8) . The cable (3) is ji 
moved past the sensors (8) and 
variations in the IR radiation detected 
thereby are interpreted by a 
microprocessor (9) to give an indication 
ofthe condition of the covering ofthe 
cable. Voids or foreign bodies 
entrapped in the plastics insulating 
sheath of an electric cable and defects 
such as scratches or voids in the 
enamel coatings of electric conductors 
may be detected in this way. 
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SPECIFICATION 

Testing of electric cable 

5 This invention relates to a method and apparatus 70 
for indicating the condition of the covering of a 
conductive element such as an electric cable. By 
the term ^covering' is herein meant any material 
surrounding the conductive core of the elem ent) 

10 for exanip je^a jheath of insulating materia l such as 75 
goiye t h y j erTe'o r^yC^^^r ^ coating of enamel or the 
"f*he term 'core' is herein meant to include any 
conductive material within the covering, whether 
centrally or non centrally positioned therein, and 

15 may even include twisted strands of conductors. 80 
. West German Published Application DE3318345A 
describes one type of apparatus for investigating 
the condition of a cable covering. In this apparatus 
a beam of light is directed on to the surface of the 

20 cable and the amplitude of the reflected beam is 85 
detected. Whilst being able to detect irregularities 
on the surface of a cable, this apparatus is unable 
to detect any change in the internal condition of 
the covering. 

25 The present invention provides a method and go 
apparatus capable of a more comprehensive inves- 
tigation into the condition of the covering of a con- 
ductive element. 
Accordingly there is provided apparatus for indi- 
30 eating the condition of the covering of a conduc- 95 
tive element comprising heating means for raising 
the temperature of the conductive core of the ele- 
ment relative to the covering such that the temper- 
ature of the core is above that of the ambient 
35 temperature; and one or more infra-red sensors 100 
adapted to de tect i nfra-red radiation emerging "" 
from the covering of the element. Preferably the 
apparatus includes electronic processing means 
adapted to receive signals from the one or more 

40 infra-red sensors, and to monitor the amplitude of 105 
said signals to give an indication of the condition 
of the covering of the element. 

Insulating coverings of plastics material are rela- 
tively transparent to infra-red radiation. However, 

45 the amount of infra-red radiation escaping from no 
the covering may be reduced in the event of for- 
eign bodies being entrapped in or on the surface 
of the material, or by a sudden increase In thick- 
ness of the covering. Conversely, the amount of 

50 I.R. emerging will be increased by a sudden de- 115 
crease in the thickness of the material. In the event 
of voids being present in the material the amount 
of IR emerging may be increased or decreased de- 
pending on the transmitivity of any gas contained 

55 therein. In any event a change in the condition of 120 
the covering, either internal or external, should re- 
sujt^m a va rying of the amplitude of the signal de- 
tected bylhe one or more sensors." 
The above described apparatus may also be em- 

60 ployed in the case wher a conductive element is 125 
coated with a material substantially impervious to 
infra-red radiation. Any^defects in the coating such 
as scratches, voids etc wifl allow an increased level 
oHnfr a-red radiation to escape from the ele ment^ 

65 which wHi De detec ted by t he one or more s nsors 13Q 



t hereby identifvinq th e defects. A frequently pro- 
duced type of cable has an insulating sheath of 
plastics material with an outer lacquered coating, 
substantially impervious to infra-red radiation. The 
present invention is particulariy suited for the test- 
ing of such cable. 

There is preferably provided means for effecting 
relative movement between the conductive ele- 
ment and the one or more sensors. Conveniently 
the means for effecting movement comprises drive 
means for producing longitudinal movement of the 
element, t h^ one or more infra-red sensors being 
in predetermined stationary location wi th respec t" 
thergtg. This arrangement allows a continuous 
check to be formed on a length of cable, for exam- 
ple as it is being wound on to a spool or drum. 

There is preferably provided a plurality of infra- 
red sensors radially disposed around the circurn- 
ference of the conductive element. By the provi- 
sion of a number of sensors, a more thorough 
check around the circumference of the element 
may be performed. The degree of precision is only 
finally determined by the physical constraints of lo- 
cating the sensors around the element. 

Preferably the heating meajis is adapted to raise 
the temperature of the conductive core without 
substantially raising the temperature of the cover- 
ing of the element. Conveniently the heating 
means is an induction coil. An inductive heating 
means is advantageous in that it is a non-contact 
method, especially suited to a continuous testing 
function. In addition the heating effect produced by 
an induction coil is localised and therefore can be 
controlled to avoid any significant increase in the 
temperature of the covering of the conductive ele- 
ment. 

Alternatively the heating means comprises a DC 
source connected to_the conduct ive core of the ele- 
ment at two spaced positions along its~length , 
sucFthat an_elec tric current flows therebetwee n. 
"~Where there is provided drive means for pro^c- 
ing longitudinal movement of the element, there is 
conveniently further provided means for measur- 
ing the speed of the element. The electronic pr oc- 
essing means, where prgvided,"mav therefor e"^ 
conveniently be adapted to receive signals from 
this s peed measuring means and to cont rol the 
heating means in response to said signalsT THe 
heating means may, in this manner, be increased 
in response to an increase in the speed of the ele- 
ment to allow for the fact that a corresponding 
portion of the element may be adjacent the heating 
means (for example in the case where it comprises 
an induction coil) or the one or more sensors, for a 
shorter period of time. 

The invent ion further resides in a method of in- 
dicating the condition of the covering of a con duc- 
tiv e element comprising the steps of ra ising the 
t'ern perature of the conductive core ot the elemen t 
rel ative to the covering such that the temperatur e 
oT ge^re is above that of the am bient tempera- 
ture, and d etectin g the inrra-red ra "giation emerging 
frojTijhg^o.yerirTg^^ element wttfnhfra^Teg7 
sensmgjiieM^ method includes the 

additional step of effecting relative movement b - 
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tween the conductive element and the infra-r d , 
sensing means. Conveniently the temperature of 
the core is raised by inducing therein an electric 
current by means of an induction coil. 
5 One embodiment of the invention will now be 
further described, by way of example only, with 
reference- to the accompanying drawing which is a 
schematrc view of an apparatus according to the 
invention. 

10 With reference to the figure, the apparatus is 
employed to give an indication of the condition of 
the polyethylene sheath 1 surrounding the conduc- 
tor core 2 of a cable 3. The-cable 3 is drawn longi- 
tudinally through the apparatus by drive means . 
15 (not shown). The apparatus comprises heating 
means in the form of an inductiorr coil 4 through 
which the cable 3 Is arranged to pass, the coil 
being connected to a high frequency AC power 
source 5 by means of lines 6 and 7 attached to op- 
20 posite ends of the coil 4. The coil 4 is hollow and 
contains a liquid coolant (not shown) which is 
pumped therethrough. 

Downstream of the heating coil 4 is a plurality of 
infra-red sensors 8, radially disposed around the 
25 cable 3. The sensors 8 are connected to a micro- 
processor S by means of lines 10, 11 etc. Further 
downstream of the apparatus is a pair of line 
speed measuring rollers 12, signals from which are 
fed to the microprocessor 9 by means of line 13. 
30 The microprocessor 9 also controls the AC power 
source 5 by means of electronic signals sent 
thereto via line 14. 

In use the induction coil 5 raises the temperature 
of the conductive core 2 such that infra-red radia- 
35 tion permeates outwardly through the insulating 
sheath 1 . The amount of jnfra-red radiation ^escap- 
ing from th^ _surf 9ce of the sheath is detected b y 
th esensors 8. Defgg ts in the polyethylene sheath 1 
ariTdentifie d^as vanitions in the infra-red radj gtion 
40 reachi nglhe detectors 8 and hence a variajig njn 
the a mplitude of the signal received by the jr iicro- 
processor 9 . Any change in the Tine speed of the' 
cable is^detected by the roller 12 and fed to the mi- 
croprocessor 9. The microprocessor accordingly 
45 compensates for the change in line speed in its 
calculations regarding the cable condition and may 
additionally adjust the AC power source 5 in re- 
sponse thereto. 
The identical apparatus may be employed to 
50 give an indication of the condition of the surface of 
the cable 3 where the insulating sheath 1 is cov- 
ered by a protective lacquered coati ng 1 5. As^the 
co ating is much more resistive to the transmission 
o f_[nfra-red radiation than the sheath 1 , any 
55 scratches etc in the coating 15 will show up as a 
jump in the amount of infra-red as detected by the 
sensors 8. 

It will be appreciated that the apparatus can eas- 
ily be made adjustable to accommodate cables 

60 having a variety of differing diameters. The coil 4 
and sensor 8, although shown in the figure to be 
adjacent the surface of the cable 3, may easily be 
spaced radially therefrom a small distance t allow 
for cables having a variety of diameters to be in- 

g5 vestigated. 



CLAIMS 

1. Apparatus for indicating the condition of the 
covering of a conductive element comprising heat- 

70 ing means for raising the temperature of the con- 
ductive core of the element relative to the covering 
such that the temperature of the core is above that 
of the ambient temperature; and one or more in- 
fra-red sensors adapted to detect infra-red radia- 

75 tion emerging from the covering of the element. 

2. Apparatus according to Claim 1 including 
electronic processing means adapted to receive 
signals from the one or more infra-red sensors, 
and to monitor the amplitude of said signals to 

80 give an indication of the condition of the covering 
of the element. 

3. Apparatus according to Claim 1 or Claim 2 
wherein there is provided means for effecting rela- 
tive movement between the conductive element 

85 and the one or more sensors. 

4. Apparatus according to Claim 3 wherein the 
means for effecting movement comprises drive 
means for producing longitudinal movement of the 
element, the one or more infra-red sensors being 

90 in predetermined stationary location with respect 
thereto. 

5. Apparatus according to any of Claims 1 to 4 
comprising a plurality of infra-red sensors dis- 
posed radially around the circumference of the 

95 conductive element. 

6. Apparatus according to any of Claims 1 to 5 
wherein the heating means is adapted to raise the 
temperature of the conductive core without sub- 
stantially raising the temperature of the covering of 

100 the element. 

7. Apparatus according to any of Claims 1 to 6 
wherein the heating means is an induction coil. 

8. Apparatus according to any of Claims 1 to 6 
wherein the heating means comprises a DC sourc 

105 connected to the conductive core of the element at 
two spaced positions along its length, such that an 
electric current flows therebetween. 

9. Apparatus for indicating the condition of the 
covering of a conductive element comprising heat- 

110 ing means for raising the temperature of the con- 
ductive core of the element above that of the 
ambient temperature; one or more infra-red sen- 
sors adapted to detect infra-red radiation emerging 
from the covering of the element; drive means for 

115 producing longitudinal movement of the element 
with respect to the one or more sensors; means 
for measuring the speed of the element; and elec- 
tronic processing means adapted to receive signals 
from the one or more infra-red sensors, and to 

120 monitor the amplitude of said signals to give an in- 
dication of the condition of the covering of the 
conductive element. 

10. Apparatus according to Claim 9 wherein the 
electronic processing means is additionally 

125 adapted to control the heating means in response 
to signals received from the speed measuring 
means. 

11. Apparatus substantially as hereinbefore de- 
scribed with reference to the accompanying draw- 

130 ing. 
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12. A method of indicating the condition of the 
covering of a conductive element comprising the 
steps of raising the temperature of the conductive 
core of the element relative to the covering such 

5 that the temperature of the core Is above that of 
the ambient temperature, and detecting the infra- 
red radiation emerging from the covering of the 
element with infra-red sensing means. 

13. A method according to Claim 12 including 
10 the additional step of effecting relative movement 

between the conductive element and the infra-red 
sensing means. 

14. A method according to Claim 12 or Claim 

13 wherein the temperature of the core is raised 

15 without substantially raising the temperature of the 
covering of the element. 

15. A method according to any of Claims 12 to 

14 wherein the temperature of the core is raised by 
inducing therein an electric current by means of an 

20 induction coil. 

16. A method according to any of Claims 12 to 

15 and substantially as hereinbefore described. 
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